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NATIONAL ADVISORY COMMI- FOR AERONAUTICS 

REEpmcH MEMORANDUM 

for the 

Air Materiel Command., U. S. Air Force 

TEIE ICPLXIXNCE OF DIMENSIONAL MODIFICATIONS UPON THE SPIN AND 

RECOVERY CHARACTERISTICS OF A TAIILESS AIRPLANE MODEL 

HAVINGITSWINGS SWEPT FORWARD15' (CORN-SXFG1) 

l3y Ralph W. Stone, Jr., and Ike T. Daughtridge, Jr. 

SUMMARY 

An investigation has been conducted in the Langley 20-foot free- 
splnnlngtunnelona 1 --scale model of the Cornelius XFG-1 glider, a 

17.8 
tiilless design having its wings swept forward 15O. It was previously 
found to possess erratic spin and recovery characteristics, and tests 
were made to determine modifications which would lead to normal steady 
spins with consistently good recoveries. 

The results of the investigation indicated that modifications that 
aid not appreciably alter the basic design aid not appreciably improve 
the spin and recovery characteristics. In this instance it appears that 
the sweptforward wing is the cause of unsatisfactory spin and recovery 
characteristics. 

INTRODUCTION 

Tests of mDaels of the Cornelius XFG-1 glider have been made in the 
Langley 20-foot free-spinning tunnel and are reported in references 1 
and 2. These results showed that the glider would spin erratically and 
that full reversal of the rudder followed by full reversal. of the elevator 
would be necessary to stop the spin and to regain normal flight. Emphasti 
was made on the fact that care must be exercised by the pilot in order to 
avoid. entering an inverted spin following recovery from the erect spin. 
Subsequent to the model tests 

I 
spin tests were made on the second full- 

scale Cornelius XFG1 glider the first glider having been lost during the 
initial full-scale spin tests. (S 80 reference 2.) During spin tests of 
the second glider, the pilot was able to recover from a spin in one atteqt, 
but in another atteqt use of a spin-recovery parachute was necessary. 'Ihe 

,_-. -_ -. _. _  _  . _--. -I_-- 
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pilot felt that bebause.of the osc'illatory nature of the spin, the sequence 
of control movements required for recovery was too critical -a-ad that recov- 
ery by control movement might not always be possible. 

In view of the difficulties encountered. with this design asd because 
of general interest in tailless airplsnea, Air Materiel Command, 
6. S. Air Forces, requested further tests of the Corneliti XFG-1 glider 
design in the Langley spin tunnel to tletermine modifications which would 
cause a normal steady spin with consistently good recoveries. 

The present tests were performed with a m0ael WLLasted to simulake 
the loading of the second glider during its full-scale spin tests. During 
this investigatian, determination was made of the effects of increased 
rudder deflections, of increased rudder chord, of instsllation of slats, 
spoilers, ventral fins, and horizontal tails of varying size an13 aspect 
ratio, of increased vertical-tail length, of wing fillets, ana of changes 
in wing aspect ratio. 

b 

S 

a 

X/C 

z/c 

m 

P 

CL 

Ix, IY, Iz 

Ix - IY 

mb2 

IY - Iz 

ml? 

SYMBOL5 

wing span, feet 

wing area, square feet 

qean aerodynamic chord, feet 

ratio of dZstance of center of gravity rearward of leading 
edge of mean aerodynamic chord to me&n aerodynamic chord 

ratio of distance between center of gravity and fuselage 
center line to mean aerodynamic chora'(positive when 
center of gravity is below fuselage center line) 

mass of glider, slugs 

air aensity, slug per cubic foot 

relative density of airplane -2% 
0 PSb 

moments of inertia about X-, Y-, and Z-body 6x36, respec- 
tively, slug-feet2 

inertia yawing-moment parameter 

inertia rolling-moment parameter 
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Iz - Ix inertia pitching-moment parameter 

& 

er 

-v 

n 

nib* 
angle between fuselage center line and vertical (approxi- 

mately equal to absolute value of angle of attack at 
plane of symmetry), degrees - 

angle between span axis and horizontal, degrees 

full-scs3.e true rate of descent, feet per second 

full-scale angular velocity about spin axis, revolutions 
per second 

helix angle, angle between flight path an& vertical, degrees 

approximate angle of siaeslip at center of gravity, degrees 
(Siaeslip is inward when the inner wing is aown by an 
amount greater than the helix angle.) 

AETARATCS AND MJmioDs 

Model 

A new ' --scale model of the Cornelius XFG-1 glider was usea for 
17.8 

these tests. The model was built 'by the Langley Laboratory with provisiaa 
for dimensional modifications for the present investigation. A three-view 
drawing of the model is presented in figure 1. The dimensional character- 
istics of the full-scale glider are given in table I. Photographs of the . 
model are shown in figure 2. 

The model was ballasted with lead weights to obtain dynsmic similarity 
to the glider at an altitude of 28,000 feet (p = 0.000957 slug per cubic 
foot). This rather high altitude was necessary 5n order to permit accurate 
ballasting of the moael, which was built strongly and heavily to avoid 
frequent damage during testing. A remote-control mechanism was installed. 
in the model to actuate the controls for recovery tests. sufficient 
moments were exerted on the control surfaces durtig recovery tests to move 
the controls fully and rapidly. 

Wind Tu.&el and Testing Technique 

The model tests were performed in the Langley *O-foot free-spinning 
tunnel, the operation of which is similar to that described in reference 3 
*-w +he Lsnaey 15-foot free-spinning tunnel. The techniques usea for 

-_ . -- -.--. . . .- ^~ --. . . _. -- 
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obt,ainFng and converting data for &he present free-spinning tests were 
the same as those used in references 1 and 2 an& described in reference 3. 

Spin-tunnel tests are made to determine the spin and recovery 
characteristics of the mdael for the normal-spinning-control configuration 
(elevator fuU up, aileron neutral, aa ruaaer full with the spin) ma at 
various other aileron-elevator control combinations, including zero and 
maximum deflections. Recovery is normally attempted by rapid, full rudaer 
reversal, although, for the present Investigation, some recoveries were 
also attempted by various combinations of simultaneous'rudder aa eleva-tar 
movements. The criterion for a satisfactory recovery in the tunnel has 
been adopted as two turns or less by rudder reversal or a conibination of 
rudder and elevator reversal. This value has been selected. on the basis 
of spin-tunnel experience and on the basis of compszable full-scale spin- 
recovery data that are available. 

Precision 

The model test results presented herein are believed to be the true 
values given by the model within the following limits: 

- -- -__. _--I ._ ,-- -. Y _  .--. 

a,~Iegree .............................. fl 
$, degree. ....................... .:. ..... +l 
V,percent ............................. f5 
R,percent ............................. +2 
Turns for recovery: . - 

From motion-picture records .................... 9 
il 

Fromvisualobservation ..................... *$ 

The preceding limits may have been exceeded for the spins which were 
wandering or extremely oscillatory and, therefore, difficult to control in 
the tunnel. 

Comparison between model spin a;nd airplane spin results (references 3 * 
ana 4) indicates that spin-tunnel results are not always in complete agree- 
ment with airplane spin results. In general, the models spin at a some- 
what smaller angle of attack, at a somewhat higher rate of descent, and at 
from 50 to 10' more outward sideslip than do the corresptiding airplanes. 
The comparison made in reference 4 for 21 airplanes showed that approxi- 
mately 80 percent of the models preaicted satisfactorily the number of turns 
required for recovery from the spin for the corresponding airplanes anh 
that approximately 10 percent overestimated ma approximately 10 percent 
underestimated the number of turns required. It cannot be stated for 
certain whether or not this applies to such sn unusual configuration as 
that of the Cornelius XFG-1 glider as the compszison mentioned above was 
made for conventional airplanes; however, existing full-scale results on 
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the Cornelius XE'G-1 glider are in general agreement with spin-tunnel model 
results, especially with regard to the general oscillatory motion of the 
spin and the rates of descent an& rotation. 

Because it is impracticable to ballast the model exactly EXCI.& because 
of inadvertent damage to the model during tests, the measured weight and 
mass distribution of the model varied from the true scaled-down values 
within the following limits: 

Weight, percent . . . . . . . . . . . . . . . . . . . . From 0 to 2 high 
Center-of-gravity location, percent C . . . . . . . From 0 to 2 rearward 
Moments of inertia: 

Ix, percent . . . . . . . . . . . . . . . . . . From1 high to 9 high 
Iy, percent . . . . . . . . . . . . . . . . . . From 2 low to 16 high 
Iz, percent . . . . . . . . . . . . . . . . . From 2 high to 16 high 

The accuracy of measuring the weight and mass distribution is believed 
to be within the following limits: 

Weight,percent ........................... fl 
Center-of-gravity location, percent E ................ +l 
Moments of inertia, percent ..................... *5 

Controls were set with an accuracy of ?l". 

Test Conditions 

A list of the conditions tested on the model is presented in table II, 
and sketches of the modifications used for the various conditions are pre- 
sented in figures 3 to 14. For some of the conditions'tested, the aspect 
ratio of the wing was changea. (See fig. 9.) This change was obtained by 
decreasing the span of the original wing. 

All the tests except those with the decreased wing aspect ratios were 
performed with the model loaded to represent the second glider as it was 
loaded when flight-tested; this loading is subsequently referred to in 
this paper as the normal loading. For a few tests, the center of gravity 
was moved rearward from the norm&L position, and for other tests, the 

inertia yawing-moment parameter Ix - IY was increased positively. The 
mb2 

loadings for the two cases in which the wing aspect ratio was decreased 
were arrived at by keeping the model wing loading constant ana by decreasing 
the moments of inertia about all three body axes in proportion to the 
resulting decrease in weight; in each case the center of gravity was moved 
in order that it would remain at a constant percentage of the mean aero- 
dynamic chord, which increases in length as the aspect ratio decreases. 
The, mass characteristics and inertia parsmeters for the glitler lsading ma 

.  
- -_ j -~~ _~--_ .- _ A-..- 
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for dl the loadings tested an the model are given in table III. The 
inertia pram3 ters for the actual model loadings tested and for the fuU- 
scale glider loading are plotted in figure 15. I 

The madmum control deflections used in the tests were as follows: 

Rudder, degrees .................... 25 right, 25 left 
Elevator, degrees ............ ; ....... 30 up, 20 aown 
Ailerons, degrees .................... 20 up, 15 aom 

Alternate and intermediate control deflections used were as follows: 

Ruaaer, degrees .. L ...................... 45 right 
Elevator, two-thirds down, degrees .................. 14 
EXevator, onedhird a0la, degrees ................... 7 

REi5-uLTs AND DISCusSIOm 

Before starting the regular test program, repeat s-p& tests of the 
model in the original XE'Gl configuration were made and the results are 
presented in chart 1. The results of tests of model conditions involving 
revisions which had little or slightly adverse effect on the spin and 
recovery characteristics are presented in table IV. Charts 2 to 5 present 
the results of model conditions in which the revisions tested improved t& 
spin and recovery characteristics. All the tests 6re presented fo_r spins 
to the pilot's right; however, check spins were made periodically to the 
pilot's left to insure that the model performed symmetrically ana that tb3 
results presented were a true representation of expected full-scale results. 

Original condition 
The results of tests wibthe model Fn the original configuration 

(chart 1) are in general agreement with the results for corresponding 
conditions reported in references 1 aa 2. In general, the model spun in 
a flat stalled attituae ma was oscillatory about all three axes. The 
rotation about the vertical axis was stopped by rudder reversal, but when 
the elevators were up or neutral the model usually remained in a stalled 
glide after the rotation haa ceased. Recovery tests maae by movement of 
both the ruaaer and the elevators showed that movement of the elevators 
to full down made the model dive from its normally flat stalled attitude. 
Figure 16 is a reproduction of a motion picture of a spin of the model in * 
the original condition at the normal control configuration for spinning 
(stick full back and laterally neutral, and rudder full with the spin). 

The oscillations obtained on the model are simiiar to those reported 
for conventional type airplanes in reference 5. Reference 5 indicates, 
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however, that changes in mass distribution such as to increase positively 
or decrease negatively the value of inertia yawing-moment paraxue ter lead 
to steady spins or at least less violent conditions. Variations in mass 
distribution on the XFG-1 design (table IV an& reference 1) aid not 
influence the oscillations obtained and it is believed therefore that the 
oscillations are the result of the swept-forward tailless configuration 
rather than the distribution of mass or of side area as indicated for 
conventional airplanes in reference 5. 

The pilot's report of the spin tests of the second XE'Gl glider 
substantiated the @mral characteristics of the spin as obtained on the 
spin-tunnel model. As previously indicated, however, he felt that the 
necessary control movements required for recovery were too critical ma 
that recovery may not always be possible. It may have been that, because 
of the oscillatory motion, the pilot found it difficult to properly orient 
himselP to make the proper control movements. Also because of the violence 
of the oscillatory motion, the glider may have entered an inverted condi- 
tion during recovery so rapidly that tQe pilot was not aware that the 
glider hacl passed through t$e unstallea region. Danger of rapidly entering 
such an inverted condition is indicated by the results of chart 1 ana 
warning of this Wnger was made in references 1 and 2. 

The results of numerous revisions made to the model in its orig3nal 
condition which had negligible or adverse effects on the spin and recovery 
chsxacteristics of the model are presented in table IV(a). In order to 
expedite the test program, many of the revisions presented. in table IV 
which tid not appear very promising were not tested completely. The tests 
were made for various representative control configurations ma the results 
so obtained were considered an indication of the degree of effectiveness 
of the revision. These results are not discussed in detail but sxe pre- 
sented as an indication of the variety of modifications considered ana as 
sn indication of the difficulty of making the XFG-1 configuration satis- 
factory as regards normal steady spins with consistently g00a recoveries. 

Lncreasea Vertical-Tail Length 

Consideration of the problem indicated that possible improvement of 
the @pin and recovery characteristics of the XFG-1 design could be obtained 
if the vertical tail Rind rudder were more exposed in spinning attitudes. 
lb order to unshield the rudder from the wake of the wing, the vertical 
tail was moved re arward, a distance equal to one-half the mean aerodyna@c 
chord. (See fig. 10.) The results of tests with the vertical tail in .' 
this position are presented in chart 2. Comparison of the resulta in 
chart 2 with those in chart 1 showed some improvement in that there appeared 
to be more of a tendency for the model to spin at somewhat steeper average 
attitudes. The violence of the oscillations were, however, nearly as great 
as for the original condition and the down movsment of the elevators for 
regaining unstalled flight was still necessary. Figure 17 is a reproduction 
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of a motion picture of a spin of the model with increased vertical-tail 
length for the normal control configuration for spinning (ruaaer full with 
the spti, ailerons neutral, and elevators full up). 

The results of testr of several other revisions to the -3loae1, dth 
the vertical tail in its rearward position, which haa little or no addi- 
tional. effect on the spin and recovery charactsristics of the model, are 
-presented. in table IV(b). 

Installation of Horizontal Fins ana &rips 

Results OP the tests presented in table IV(b) indicates1 that 
installation of horizontal fins and strips had a small favorable effect 
upon the spin and recovery characteristics and, accordingly, these moai- 
fications were tested. in combination with increased. tail length. The 
results of these tests are presented in ch&s 3 an& 4 for two center-of- 
gravity positions and indicate a definite trend for the spins to be s-t a 
steeper average angle of attack than were those for the model without 
these revisions. The spins, however, were still oscillatory as were those 
for the unrevioed model. Figure 18 is a reproduction of a motion pictu_re 
of a spin of the model in this cond.it-Lon for l;'ne normal control ~onfign- 
rations for spinning. The results of recovery tests showed a derin-lte 
improvement Fn the required recovery procedure in that it was necessary 
only to ne.utralize the rudder and 20 L?IO+ t;'ae stick to oxiLy two-thirds 
f0m532-a to 0Mxi.n aatisfactoq recoveries. The d.argers coinciaent dith 
the necessary control movements for the unrevised design axe in part 
avoided in that merely neutralizing t'Llt3 ridder will not be conaucivs to 
starrting the inverted spins warned against, and movement of the stick -I;(, 
only &o-thirds foriard will not cause the airplane to ga Into ~ZI inverted 
attitude as readily. It is believed, however, that some OP the difficulties 
encountered. in full-scale spins for the original design may still be 
encountered primsrily because of the oscillations which perai3-t eve!1 with 
these revisions. A colnparioon of the results of charts 3 and 4 indicats 
only little effect oQ resrwad canter-of-gravity movement on the spin an& 
recovery characteristics. 

Comparison with Sweptbatik Tailless Designs and Effect of 

Ad&ing a Horizontd Tail 

Inasmuch as none of ths‘modifications investigated was effective in 
elidnating the oscillatory spinning characteristics, a cozrrparison was 
maae with results of spin-tunnel tests o.? sweptback tsilless configxratians 
and the eFf?ect of adding a horizontal tail was investigated. The compari- 
son with Yre spin chaacteristics OF models ol? several aweptback tailless 

. designs indicated that rlone had the oscillatory spinning characteristics 
of the sweytforward XFG-1 design. For one design havi,ng its wing swept 
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back 35’ and having unshieldea vertical fin end rudder area, steady spin 
and satisfactory recoveries were obtained. It appears, therefore, that 
the difficulty encountered in the present iuvestigation may be attributable 
to the forwti sweep of the wings. Tests with a horizmtal tail ins-t&lea 
(chart 5), however, indicate that with such an installation normal steady 
spins and satisfactory recoveries cm be obtatied. It appears, therefore, 
that the unsatisfactory oscillatory spinning characteristics of the 
XFGl aesiga are the result of the sweptforward and tailless comYbinatian. 

CONCLUSIONS 

Based on the results of tests of a ' --scale model of a tailless 17.8 
design having it3 wings swept forward (Cornelius XFGl glider), the 
following conclusions regard- the apin and recovery characteristics of 
the slrplane are made: 

1. Revisions wh-lch do not appreciably alter the basic design will not 
appreciably improve the spFn and recovsry charactariatics of the airplme. 

2. In this instance it appears that the sweptforward wing is the 
cause of unsatisfactory spin and recovery characteristics. 
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ci!ABIa I.- DIMENSIOlKL ClURACmsTICS OF TEE CORNELIUS X??GlGIZDER 

Wingspan,ft ............................ 54 
Isngth overall,ft ....................... 29.4 

wing: 
Area,sqft ......................... ..35 6 
Incidence, deg 

Root .............................. . 
a~..............................~ .5 

Aspectratio. .......................... 8.2 
Dihedral along quarter-chord line, deg ............... 2 
Sweepforward at quarter-chord line, deg ............. 15 
Mean aerodynamic chord, in. .................. 85.82 

Ailerons: 
Area (rearward of hinge line), sq ft .............. 31.6 
Span, in ................. : ........... 
Chord (rearward of hinge line), percent wing chord 

171.25 
........ 20 

8 Elevator: 
Area (rearward of hinge line),sq ft .............. 36.4 
Span,in..............................lO 7 
Chord (rearward of hinge line), percent wing chora ........ 25 

Vertical tail: 
Area,sqft .......................... 
Span (from center line of glider), in= 

43.5 
.............. 125 

Rudder area, sq ft ........................ 19.4 
. T 

- . . 

-  i 

-. _. . -.- ------.  __-  . - -_ 
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TABm II.- CONDITIONS TES!tED ON !CHE --SCALE MODEL OF !PdE Cm 1t.s xm-1 czr.xoER 

rata on 
lfumbar mm Mcdifications Figure 

chart Table 

original vertical tail 

1 IfOlldL None 1 
. 

2 IfOrmal Alternate rudder deflectIon --- Iv --- 

3 IfOlUd. 50-percent-rwider-chord increase _A- Iv 3 
, . . 

4 NOd Sharp-leadlng-edge wing --- Iv --- 

5 Normal Wing-tip extension with negative dihedral. --- Iv 4 

6 NOd Ventral fin --- Iv‘ 5 

7 NOormal Horizontal fine A --- Iv 6 

8 NOlTd. HorizontalfinsB --- Iv 6 

9 Nor&L HorizontalfIns C _. --- Iv 6 
,a’ 

10 NOl-DlSl Horizontal fine D --- p 6 

ll NOZ-!dL HorizontalflnsE --- Iv 6 

12 NOormal HorlzontelfinaF --- Iv 6 

13 Nonml Horizontal fins G --- Iv 6 

14 Normal Spoilere A --- Iv 7 

15 NOormal Spoilera B --- Iv 7 

16 NOrnrdL Spoilers C --- Iv 7 

17 NOllUELl. Spoilers D --- Iv 7 

18 NOTEid. Spoilers E --- Iv 7 

19 NOlTd. Slate A --- Iv 8 

20 NOormal SlatsB --- Iv 8 

21 Normal slate c --- Iv 8 

22 NOrmal SlatB- Inboard wing v-v Iv 8 

23 NOormal slat c - inboard wing --- Iv 8 

24 NOlX!.d Wing A (aepect ratio 5.67) --- Iv 9 

25 Nom&. wings (aspect ratio 3.58) --- Iv 9 

26 NOl?dt WingA- squared wing tips m-e Iv 9 

27 NOrmal WingA- slatB m-v Iv 8, 9 

-397 

_-- _-- _ _ _~__. -.--. _-_--._ ~__ _._ 
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TABLE II.- coNDITIoI~s !cEmED ox 'IIIE ~-SCALE MODE& OF !EE COFXKLXE 17.8 XFG-1 GLIDIG? - Concludea 

Data on 
lumber -am3 Modifications . Figure 

Chart Table 

Original Vertical tail 

28 Ibd Wing A - slat C - outboard wing --- Iv 8, 9 

29 I~oormal WingA- square& king tips - slatB --- Iv 8, 9 

30 Normal Wing A - sl.atB - on inboard wing --- Iv 8, 9 

31 NOlld WingB - decrease+ fuselage length --- Iv 9 

32 IJonml WingB- slatA --- Iv 8, 9 

33 17olmel WingB - slat A - inboardwlng --- Iv 8, 9 

34 Irormal WingB - squared tips - slat A --- Iv 8, 9 

35 1r0lYlBl Wing B - squared tips - slat A - inboard wing --- Iv 8, 9 

Ehcr8as8d vertical-tail length 

36 NOrmal NOE.0 2 --- I.0 

. 
37 Ix and Iz increased Non8 --- Iv 10 

159 percent Ix 

38 IX end I~ increased IOne --- Iv 10 
319 percent 5 

39 NOormal Wing fillets A --- rv 10, U 

40 NOormal Wing fillets B --- Iv 10, IL 

41 NOrmal. Wing fillets C _-- Iv 10, ll 

42 I?olxael Horizontal strips A --- m  10, 12 

43 Iormal Horizontal strips B --- Iv 10, 12 

44 NOrmal Horizontal strips C --- JIV 10, 12 

45 Iblmal Horizontel fins A --- Iv 10, 13 

46 Ifolmal. Horizontal fins B --- Iv 10, 13 

47 NO.l-!Jd. Horizontal fins B - horizontal strips C 3 s-e 10, 12, 13 

48 C.g., 5 percent B Horizontal fins B - horizontal strips C 4 -mm 10, 12, 13 
rearwara 

49 NolnSl. Horizontal fins C --- Iv 10, 13 

50 NOd Horizontal fins D --- Iv 10, 13 

51 Ibnml Horizontal tail A 5 s-e 10, 14 

_-- 
- -  

~.._._ __ 

I -  



TABLE III.- MASS CEAR4CTERISTICS AND INERTlll Pm FOR TEE LOADING OF TBE CORNELIUS XFGlGIXDERAND 

FOR IDADINGS TESTED ON THE MODEL 

~-lode1 values ca-mrted to correeponding full-scale values ana moments of inertia axe given about the center of gravity3 

Relative 
Center-of-gravity 8il.‘@ll.3 

location density 
Moments of inzrtla 

(slug-feet ) Mass pemmet*ers 

weight k . 
Condition 

(lb) Alti- 
X/E z/a Sea tuae of Ix - IY =Y - 

level 28,000 Ix Iy Iz - - 
feet mb2 Ia2 

Normal loading 

Glider values 
I I I I I I I I I 

7.67 1 4805 1 4510 1 8600 1 7.2 x 10 -4 ' 4542 0.20 0.02 3.09 -99.5 x 

Normal loading, 
orlgin8l tail 4561 0.20 0.02 

I 
NordL loading, aspect ratio 5.67 1 3814 1 0.17 1 0.02 

Nonml 108diW3, 
aspect ratio 3.58 2913 0.19 0;02 

I 
Normal 108dj.43, 

lengthened tail 

C.g., 5 percent B rearward 
lengt4ened tail 4530 0.25 0.02 

Ix ma Iz Increased 
159 percent Ix, lengthened 5030 0.20 0.02 
tall 

Ix ana Iz increased 
319 percent Ix, lengthened 5531 0.20 0.02 
tall 

Model values 

3.76 9.34 20,222. 4483 24,083 314.1 

. 

-10).9x 
-171 

-@8.9 

-102.6 

-102.4 

-261.4 
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' lXBLEzIV.- KFFEC!CO.F REJIXOIIg 011'J3EsPII~AITDREXOVEWCEAR4CTDIsIICS OTA~SCALE 
17.8 

MOIIEL OF !I!ER CORELIUS XFO1 GXDER 

@oael~mlltionandloaaingas indlcat.9djmoaelwas lauxlchaatith spimringrotatlonto the right;nlaaerfulltit,il 
the spin; recovery attemptedby ruaaer reversal erc'eptaa indicata~ 

condition 
number 

(4 

Modelconaition P.ecovery for aileron 
poa1t1on lnalcatsa 

Elevator Revision or combiaation of revisl~n poaition $& IMeral - vlth 

Remarks 

(a) original vertlcd.-tall length 

alternate maw deflecti~s 
(45O with the @In to 25' 
again& the spin for l-ecoverY) 

yJ-psrcent-Naaer-chora incrwaae 

Sharp-leading-ea&e wing 

wing-tip extensions, irlth negative 
dihedral 

ventral fin 

Horizont8.lfinsA 

VP 11 
6' is ;* t 

11 Do. 
11elltral 5' ? 

UP w, (4 15 P 

Ifeutral (b), (c) $ l 1 S' Do. 

l!oM (b), (c) 1, 12 $ 

UP I (a) I( I 

UP $ $ 
Do. 

Reutral 11 
4); 

UP a3 
4 

lb. 
Imin --- 

Horizontalfim B 

Horizontal fins c 

UP _ 

np 

--- It.. 

--- Ia. 

Horlzcd.al. fins D 

Horizcult.dfimE 

UP 

UP 

r&n 

Ia. 
Motlmobtaimdslmilar 

butsomsvhatstssper 
than that of mm- 
vised m0ad 

Horizontal fins F up 1 ) --- 1 

'%onditlon numbara refer to condition number8 of table II. 
k%lentlY OSCl~tory. 
%ael goes inverted aurlng oscillationa. 
%ecovery attempted by simltamous mutrallzation of rudder and elevator. 
~imal e.3tllmt.e. 
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NACA RM No. SIi3Hl7 

~IV.-EFFECT~'SIO~O~TBESPmAlID~OVERYCHARAC~SmCSOFAISCALE 17.8 
MODEL or !mE COInlEnus XFG-1GIZDER - Continued 

L 

- 

- 

Model condition 
Recovery for aileron 

:onalticm position indicated 
number Remarks 

64 Revision 0~ cmbinat.icn of revisions Elevator Full 
positian agalast 1reutNl - with 

(a) Original vertical-tail length 

Xotionobtaiwdsimilar 
to that of unrevised 

Notion obtained flatter 
(vitb adverse effect 
on recoveries) than 
that0funrevi8ea~del 

SlatB- inboar& 
model (chart 1) 

- inboarawlng 

~&ion ObtaIned sindlar 
to that of unretiaad 
Bloael except ClSCil- 
lationa mm-a violed. 

-- --- - 

aCondltion numbers refer to condition numbers of table II. 
~lsual estinsrte . 

I  

.  .--~ - ~I - -~. _ .- -__ -. -- .~ 
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!WBLE IV.- 3EFECT (IF REVISIONS ON TIE SPIN AlpD P.I+ZOVERY CEARAC'l!EXspICS IX' AASCALF: 17.8 
MODEL OF TEE CORI- SFG-1 GIXDER - Continued 

shad cditi~ Recovery for aileron 
poeitidn indicatea 

Revision or combination of retisiOm ELevator FLU Ikdxal Full 
position against with 

Rararks 
maltion 
number 

(4 

(a) Orighal vertical-tail length 

UP 

I?eut?2d 

np 

Down 

Motionobtalnedsimilar 
to that 0f -ti8ea 
lnoael(ch&1) 

Do. 

25 W-B 

26 WingA- squamdwingtlps 

Wing A - slat B 27 

28 WingA- alat C - outboard xins 

up ’ 2*i *.!&;; ;;=; 5¶g 
Ikhti I z-5 1 2, -4 , 4' )+ , thanthatof-: 

vised m0ad (chart 1) . Rnfn 1 l,l$ 1 *, $ , L , 
29 WingA - squarea -tips - elatB 

30 WinSA-slatB- Inboardwing 

- I I --- I I 

31 W-B- decreased fuselage length 

up’ 1 ( ; 1 .I “?.zt.z:~~~ W-B- datA 

WingB- slatA-lnboardvlng 

WlnSB- muama tips - slat A 

32 

33 

l 34 

UP 

NSUtrEil. 

UP 

Neutral 

UP 

NSUtNl 
I I I I I 

- 

-__ 
Do. 

. -_- 

--- 
Do. 

--- 

e-v 
Do. 

--- 

%ondition numbers refer to condition numbers of table II. 
Bvisual estimt-9. 

-v- 

35 WWB- squarea tips - slatA - 
inboaratinS 

- ..- ..- -- 
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Cl 
1 

!llAl?m Iv.- E3'FECTCFREJISIONS OM'I!EJEsPlmAXDRECOVERYCHARA~STICS~A~-SW 
17.8 

MODEL OF lm CORIlELms XFC-1 GIJDZZ7 - Concluded 

M",d"l conditlcn Recovery for aileron 
maition position indicated 
number 

(4 Elevator Revision or combination of revisions pobitim $& Neutral - with 

(b) Increase& vertical-tail length 

Remrks 

rx increased 

Horizontal strips B 

Horizontal strips C 

Horizontal fins C 

Horizontal fins D 

%onditlon numbsrs refer to condition numbers of table II. 
%sual eotimste. 
fRecovem attempted by reversing the rudder full agalnst and the elevators to neutral. 

c 



T 

CRAW l.- SPIII AID RECOVERY CHARACTERISTICS OF A ISCALE MODEL OF TEE CORIEJXIS XFQ-I, OLIDER II1 TRE ORICtII@.L COIIFIOCRATIOIf 
17.8 

~forml baaing; model was launched with spinning rotation to the right; rudder full with the spin; recovery from the enouing 
uas attempted as inaicats&! 

( hcillatory spin, violent rolling 
and pltahing motions. 

By rudder reversal, mkde 1 
to 1 turn and went ia:: 
fd, stalled glide. By 
elevator reversal, made 1 
to 2 turns, pitched inverted 
and then rolled erect. By 
simultaneous full rudder and 
elevator reversal, made 2 twns 
and vent into steep dive tending 
to pitch Inverted. 

:~:%i~%?~“:l~:~?s 1 Oscillatory motion, violent roll- 

By rudder reversal, mnde $turnand 
vent Into flat, stalled glide 
with rolling oscillations. By 
elevator reversal went into 
spin with motion &pica1 of 
elevator down spin. By almul- 
taneous full rudder and eleva- 
tor reversal, made 4 turn and 
vent into steep dive tending to 
pitch inverted. 

% M- I 
2 1 

\ 
4z 3 Y 52 

talled fsllde with 
oscillation. 

y rudder reversal, 
stalled glide, 
reversal, went into 
typical of elevator-dowa 
By simultaneous 
elevator reversal, 
dive tending to 

1 

Wandering and oscillatory spin, 
Ailerons alternated vlth rolling and Steep spiral motion 

full against pitohing motions. Ailerons full with, 
and pitching osofllatlons. 

(Stick left) By rudder reversal, made iturn, 
/ 

(Stick right) 
Wsnt into steep, stalled glide, 

By rudder reversal, 

and started to turn to lef%. 
vent into a dive 
the left. 

Model values 
converted to 
aorresponding 
full-scale values, 
II innervingup 
D inner wing down 



CHART 2.- SPIU AllD RECOViDIY CBARACTERISTICS OF A ~SCAL.2 KODEL OF TIE CORGZLlUS XPQ-1 QLlDER WITU IUCREASED VERTIOAL TAIL LFIiCTg 
17.8 

DIormal loading; model was launched vith spinning rotation to the right, rudder full with the spin; recovery from the ensuing 
motion was attempted as indicate&j 

Oscillatory spin with alternate 
rolling and pitching motions 

175 0.20 
By rudder reversal, made $ turn and dived 

steeply, then pulled up into a flat 
attituds, turning to the left. By 
simultaneous full rudder and elevator 
reversal, made $ turn and went into a 
;Fgp dive and pitched into an inverted 

. BY simultaneous neutralisation 
of rudder and elevator, made from $ 
to l$ turns and went into a steep dive 
and pitched inverted. By simultaneous 
neutralization of rudder and reversal 
of elevator to full down, made 
1 turn and went into a dive. 

ly rudder reversal, made $. turn and 
went into flat, stalle;i glide. By 
~bmiltansous full r?dder and eleva- 
tor reversal, made 

L 
turn and went 

into an inverted sp By simul- 
taneous neutralisatio~ of rudder 
and elevator, made 3 turn and went 
In a dive or conti&ed to spin for 
more than 2; turns. By simultaneous 
nautralisation of rudder and rsver- 
sal of elevator to full down, made 
p to $. turn and went into a steep 
dive with tendency to pitch inverted, 

Ba Y- rJs 
g 46 
a$j 52 
w-44 

Osoillatory spin 
- rolling motion, 

10 0.19 
p rudder reversal, made 

went into a flat stalled 
simultaneous fuli reversal 
and elevator, msds $ turn 
inn a dive end pitched 

. By simultaneous 
rudder and elevator. made 
went into a flat stalled 
simultaneous ne&alization 
and reversal of elevator 
made $ turn and pitched 
inverted glide, 

Oscillatory motion with violent rolling Ailerons 21u Ailerons 
oscillations for about 12 turns and full against @ 24D Steep wandering and osoil- 

latory spin, alternated full with 
then went into a dive. 170 0.23 with rolling and pitching 

motions. (Stick ' 
Wandering spin with yawing 

, 
By rudder reversal, made $ turn and went 

right) 

into a dive, 
By rudder roversal, msde 

into a dive. 
I 

r #q , ( 

I Steep wandering spin with rolling 
osolllations. I 

Wandering spin with yawing 

By rudder reversal, made from 1 to 
i turn and went into a *tee: dive 
5 

and pitched inverted. 

lode1 values 
converted to 
corresponding 
full-scale values. 
U innerwingup 
D inner wing down 



. i 

CRART 3.- SPIN ARD RECOVERY CEARACTERISTICS OF A ~-SCALE: MODEL OF TRR CORRELIUS XFO-1 OLIDER WITH 
17.0 

INCREASED VERTICAL-TAIL IZRQTH, HORIZORTAL FINS AND MORIZORTAL STRIPS 
~1ormtl 1caU.n~; model was launched vlth spinning rotation to the right, rudder full with the spin; 

was &tempted as lndlcateg 
recovery from the ensuing motion 

1 

E 

TV0 type8 of spin 

Wide raa1us spin I-H i:: 4g 
Osalllatory spin 

172 0.20 

Ig rudder reversol, made 
Lturn and uent into a 
hat stalled glide Ey 
~imuitnneoua neutraii- 
zatloh of rudder and 
reversai of elevator to 
full down, made 1 turn 
and vent into B &eop 
Ey;,nx pitched 

. 

By rudder revereal, made 
$ turn and went into o 
hat stalled glide. 
slmuitaneous neutrallza =t ion 
of rudder and reversal of 
elevator to full down, made 
#to $ turn and went &to a 
steep diva nnd pitched 
inverted. By simultaneous 
neutralization of rudder and 
revers*l of elevator to 
$do~n,mnde ito 1 tmn~d 

_I 

&at into a steep dive. By 
atiultaneous neutrallzatlon 
of rudder and reversal of 
elevator 4 down, made $ to 
1 turn ani vent into a steep 
give and pitched inverted. 

By rudder reversal, made 
1. turn and vent into a 
# lat stalled glide. By 
slmuitaneous neutrall- 
zatlon of rudder and 
reversal oflelevntor to full 
down, made ri to 1 turn and 
vent into o oteep dive and 
pitched inverted. By slmul- 
taneous neutralization of 
rudder and reversal of eleva- 
tor to 0 down, made $ to $turn 
and vent into n steep dive. By 
simultaneous neutralization of 
rudder and reversal of ele\etor 
to L down, either made from $ 

3 
to 1; turn and went into a flat 
stalled glidc or dldn*t recover 
in 2 turno. 

sy rudder reversal, 
$ turn and 

of rudder 
elgvator 
3 to p 
steep dive. 

Elevator neutral . 



CHART 4r SPIN AliD RECOVERY CEARACTERISTICS OF TRE ~-SCAIZ MODEL OF TEE CORNELIUS XFG-1 QLIDER WITR INCRFASED VERTICAL-TAIL LENCITH, 
17.8 

RORIZONTAL FIN3, ARD HORIZONTAL STRIPS AND WITR TRE CENTER OF QRAVITY MOVED REARWARD 
vas launched with spinning rotation to the right, rudder 

Tvo types of spin 

2: E 
0so111*t0ry spin 

166, 0.16, 
Wide radius spin 

17aa 0.20 
‘;;;~~teddwlih 
pitching motions. 

tlon of rudder and 
By simultaneous neutralleotlon 

of rudder and reversal of 
reversal of elevator to 
full dovn, made 
and pitched inverted. 

elevator to full down, made 
$ to 1 turn and pitched 
inverted. 

By rudder reversal, made $ turn 
and vent into B flat, stalled 
glide. By simultaneous 
neutralization of rudder and 
reversal of elevator to full 
down, made ; to &. turn and 
pitched lnvertcd? 

Oscillatory 
spin, alter- 
nated with 

170 0.18 rolling and 
pltchtig motions. 

By rudder reversal, made i turn 
and went into a flat, stalled 
elide. By simultaneous neutrsl- 
izatlon of rudder and reversal 
of elevator to full down, 
made $ turn and pitched inverted 
and rolled with the ailerons 
into M erect glide. 1 

Elevator neutral 

Ailerons 
full with 

(Stick 
right) 

Ailerons 
full ngainst 

22 $8I& Wandering spin with 
rolling and 

4 
, (Stick left) 

pitching oncll- 
latlons . 

By rudder reversal, made $ turn 
and went into a dive and 
started to 8pin to the left. 



, . 

CHART 5.m SPIN ARD RECOVERY CRARACl'ERISTICS OF A ~-SCALE MODRL OF TBE CORNELIUS-XFO 1 GLIDER WITR INCREASED VERTICAL-TAIL LGN(ITH 
17.8 

ARD A HORIZONTAL TAIL 

sorrel loading; model VCASJ launched with splnnlng rotation to the right; rudder fU1 with the spin: recovery from the ensuing motion 
MS attempted 88 1ndlcat.e~ 

y rudder reversal, model msde from 2 

$9 44: !??I 35 fiz zp 

11 I 
I 

Model would not spin, lanohlng rota- 
tion being damped ln 13 turns with 
model diving steeply. 

Model would not spin, launohlng 
rotation being damped in 7 turns 
with model diving steeply. 

I(stfck left) I 
08 58 g-l 
4 i 

I I-- 

I ode1 vould not spin, lnunching rot% 
tlon being damped in 9 turns with 
the model dlvlng steeply. 

I' 

Model would not opln, launching 
rotation being damped in 8 turns 
with model diving steeply. 

%ti 
16D 
11u Wandering apln, with 

relstively slight 
Ailerons 186 0.52 oacillatlona . 

full with 
(Stick right) 

By rudder reversal, msde 2 to 2; turns 
and dived steeply. 

$1 E 
220 i 0.67 

Steep spin 

By rudder reversal, model made i to 
li turns and dived steeply, 

wing up 
D Inner 

wing down 

z 
z 
> 
‘Jd 
‘2 
z 
0 . 

; 

z 

2 
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75%chord /me 

BO%chord Ime 

-6sO<“- -9.62” - 

. 
Figure l.- Three-view drawing of the & -scale model of the Cornelius XFG-1 

glider as tested in the free-spinning t&.nel. Center of gravity is shown for 
20 percent of mean aerodynamic chord. 
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Figure  2 .- 1  P h o to g r a p h s  o f a  1 7 .8  - -scale  m o d e l  o f th e  Corne l ius  X F G - 1  g l ider  

as  tes ted  in  th e  L a n g l e y  20- foot  f ree-sp inn ing  tu n n e l . 

. - -  _ _._._ 
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H IN G E  L IN E  

Figure  3 .- R u d d e r  m o d i f icat ion tes ted  o n  th e  ’ - -scale  m o d e l  o f th e  X F G - 1  g l ider  wi th th e  or ig ina l  
1 7 .8  

vert ical- tai l  l e n g th . 



CONDITION No.5 I 

DESIGN TIP CHORD=3t.2 
(EXTENSIONSCONTINUE WITH 
SAME TAPER AS WING AND 
HAVESAME TIP SHAPE AS 
WING) 

Figure 4. - Wing extensions with negative dihedral tested on the & -scale model of the XFG-1 glider 
with the original vertical-tail length. (Dimensions *are in inches, full scale.) 
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CONDITION ~0.6 

RUDDER 
HINGE LI 

i------ 14007 &l”ENTRAL NACA 
FIN 

Figure 5.- Ventral fin tested on the & -scale model of the XFG-1 glider with the original 
vertical-tail length. l (Dimerisions are in inches, full-scale.) 
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Figure  6 .- Hor izonta l  fins  tes ted  o n  1  
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;h e  1  - -scale  m o d e l  o f th e  X F G - 1  g l ider  
1 7 .8  

wi th th e  or ig ina l  vert ical- tai l  l e n g th . (D imens ions  a re  in  inches,  fu l l  scale.)  
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S P O ILER A  
C O N D ITIO N  No.  1 4  

S F O ILER B  
CoNDlT ION N O . 1 5  

S P O ILER C  
C O N D ITIO N  N O . 16.  

\S F O ILER H I N G E  L INE 

S P O I L E R S  D  
C O N D ITIO N  ~ 0 .17 h  

S P O I L E R S  E  
C O N D ITIO N  ~ 0 .18 

Figure  7 .- Under -sur face  spo i le rs  tes ted  o n  th e  &  -sca le  m o d e l  o f th e  X F G - 1  g l ider  wi th th e  . 
o r ig ina l  vert ical- tai l  l e n g th . (D imens ions  a re  in  inches,  fu l l  scale,)  
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SLATS C 

\ CONDITION ~021 

T WING 
‘LEADI NC-EDGE 

TV PICAL SLAT SECTION 
bNT0UR OF SLAT CORRESPONDS 

TO CONTOUR OF FORWARD 20% OF 
UPPER SURFACE OF WING) 

Figure 8.- Leading-edge wing slats tested on the L-scale model of the 
17.8 

XFG-1 glider with the original vertical-tail length. (Dimensions are in 
inches, full-scale.) 
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ORIGINAL WING 1 135. IO 171.24 

’ 1 AR = 8.28 I 
1 I 
I I -t .‘. 

\ 

I I b 
I I 
1 : I . 

648.0 i-1 ’ 

WING A 
4R=5.67 

CON DITION NO.2 4 

WING B 
A R=3,58 

CONDITION No.2 5 

SQUARE 
WING TIP5 

Figure 9.- Wings with decreased aspect ratios tested on the ’ --scale model 17.8 
of the XFG-1 glider with the original vertical-tail length. (Dimensions are 
in inches, full scale.) 
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CONDITION ~036 

TAIL POSITION 
/-REVISE D VERTICAL- 

f=lJKLAGE 
TAIL POSITION 

EXTENSION CONE 

LINES W l-lllG  ARE TANCE 

Figure 10. - Increased vertical-tail length tested on the & -scale model  of the XFG-1 glider, 

(Dimensions are in inches; full scale,) 
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FiLLETS ARE IN 
’ WING CHORDPLANE 

- 49.2 .-w 

CONDITION NO, 40 - 
I-ILLt I L - 

CONDITION NO. 4 I 

Figure 11. - Wing fillets tested on the A- scale model of the XFG-1 glider l 

with increased vertical-tail length. (lkmensions are in inches, full scale.) 

L--~- .- ..- _ -. --. r- _~. -- _A-.----. 
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STRIP 6 
CONDITION 

NO;4 3 

5TlilP c 
GoNDIT~ON 

NO.4 4 
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Figure 12. - Concluded. 
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FIN5 ARE ON 
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